El-Daghbag-I gold mineralization is a part of El-Daghbag gold deposit, Central Eastern Desert, Egypt. It is represented by several NW-trending quartz veins cutting across highly sheared granodiorite rocks along NW-trending shear zone. The recorded ore mineral assemblage is magnetite, ilmenite, native gold, pyrite, chalcopyrite, sphalerite and galena. Bornite, covellite and goethite are the secondary ore minerals. Statistical parameters, Clark of Concentration, linear productivity, contrast coefficient, zonality index and zoning coefficient were calculated to investigate the geochemical association and whether there are factors controlling distribution of its members. The geochemical primary distribution patterns of gold and the elements properly forming the mineralization revealed that the gold associated elements are (Cu, As, Zn, Ni, Co, Ag and Pb). These elements occur as proper ore sulfide-minerals. The recorded lateral zoning sequence of deposition along the NW-SE extension of the main quartz vein is (Ag-Co-Ni-Cr-Cu-As-Zn-Pb). The lateral zoning sequence along the SW-NE trend crossing the quartz vein exhibits variable depositional sequence is (Ag-Co-Cr-Ni-Cu-As-Pb-Zn). With regard to position of the ore metals in the general sequence of zoning, the gold potential of the central and southeastern parts, due to its probable accumulation at deeper levels of the mineralization, are expected to be promising. Drilling is recommended for studying the vertical zoning of these elements to reveal the site of gold accumulation.
Introduction
The Egyptian Eastern Desert is one of the largest gold provinces in the world where more than 96 gold deposits and occurrences are recorded. Gold mineralization in the Eastern Desert of Egypt is almost confined to the gold-bearing quartz veins and the associated alteration zones within ophiolitic and island-arc igneous and metamorphic rocks of the Arabian Nubian Shield ( [1] - [6] ). Numerous geological and geochemical data on the gold mineralization in the Eastern Desert were obtained (e.g. [7] - [20] ). A total of 39 quartz veins traverse Wadi El-Daghbag area in several sites [22] .
The quartz veins are milky, milky brown or smoky in color running in different directions and dipping at 25˚ to 90˚. Their extension reaches up to 400 m and thickness varies from 0.2 to 7 m. Gold content in the veins are recorded up to 15.5 g/ton by [22] , up to 39 g/t by [23] and ranging from 0.3 to 6 g/t by [24] . The main veins are concentrated around Bir El-Daghbag. Unambiguous traces from ancient extraction are however made out in four separate quartz vein systems namely El-Daghbag-I, II, III and VI [23] . The El-Daghbag-I gold mine is located in east of Wadi El-Daghbagh El Rayan (a NE-SW trending tributary of Wadi ElDaghbag) at the intersection of Latitude 25˚24'11"N and Longitude 33˚49'13"E ( Figure 1 ). It is relatively narrow but very deep to be judged by the large waste dump located just outside.
The present work addresses the ore mineralogy and paragenetic relations of the El-Daghbag-I gold mineralization, and discusses the geochemical distribution of gold and associated elements in the mineralized zone to reveal the site of gold accumulation. This study is based on detailed mineralogical and lithogeochemical studies of the quartz vein, the associated hydrothermal alteration zone and the host rock.
Geologic Setting
El-Daghbag gold mine area is covered by a Precambrian ophiolite sequence intermixed with a mélange matrix (metasediments), island arc metavolcanics, older and younger granites, dykes and quartz veins [24] .
A Precambrian complete ophiolite sequence was recognized and described by [25] in Wadi El-Daghbag area and in vicinity. This ophiolite sequence consists of serpentinites and related rocks, metagabbro, mafic metavolcanics (sheeted dykes and pillow lava) and pelagic sediments (chert). The island arc metavolcanics are formed of repeated alternating and intercalated successions of basaltic andesite and andesite flows together with layered dacite and rhyodacite flows. The older granites are represented by quartz-diorites and granodiorites. The younger granites are represented by monzogranites and syenogranites [26] . The area suffered shearing represented by a chief shear zone trending NW-SE.
El-Daghbag-I gold mineralization is represented by several NW-trending quartz veins along NW-trending shear zone cutting across highly sheared granodioritic rocks. Numerous open pits and mining work are spread over the quartz veins. The main mineralized vein is highly compact massive milky quartz trending (N60˚W), steeply dipping to the SW. It is about 110 meters length and up to 120 cm width. The vein is conformable with the foliation of the host granodioritic rocks and exhibiting noticeable pinch and swell structure. The main mineralized vein has been stopped out through several trenches (Figure 2(a)) and steeply inclined shafts. Old mining took place only within the hanging wall of the quartz vein and the associated alteration zones next to them while its central part remained unminable (Figure 2(b) ). The vein is affected by NE-SW faults (Figure 2(c) ) and furcating to form dense network of quartz veinlets (Figure 2(d) ). The furcating quartz veins are commonly separated by strongly altered rocks. The alteration zones around the furcated quartz veins range from few centimeters to three meters thick related to the variable width of the quartz veins.
Methodology
Forty two samples were collected from the main mineralized quartz vein, associated alteration zones and host rocks at El-Daghbag-I gold mine. The samples were taken along three profiles traversing the surface level to cover the main mineralized quartz vein from its NW-beginning to the SE-end (Figure 3 ). Numerous samples were also collected from the dump of the old workings and the mouth of shafts. A total of 25 polished surfaces of representative samples were prepared and subjected to ore microscopic study, scanning electron microscope (SEM) and the energy dispersive X-ray spectrometer (EDX) studies. Twenty five representative samples were analysed for Ag, As, Co, Cr, Cu, Ni, Pb and Zn using the XRF technique. Both laboratory works were undertaken in the laborato- In geochemical exploration, the most reliable criteria is the linear productivity (M, Equation (1)) is calculated as the amount of chemical element in excess of the background value, along particular cross section to represent the geochemical anomaly using the following equation:
where ∆X is the sampling interval along the profile, n is number of samples on the profile, Ci is the element content in the analyzed samples and C b is the geochemical background of element.
The contrast coefficient is laterally determined by using formula (2) .
Contrast Coefficient = Content of the element in the northern start point /Content of the element in the southern end point (2) The elements are to be arranged in decreasing order of their contrast coefficient values. The resulting sequence will illustrate the geochemical zonation of the elements.
Zonality index of an indicator (pathfinder) element is defined as the ratio of linear productivity of a given element in the studied mineralization to the sum of linear productivities of all pathfinder elements in each lateral profile expressed by formula (3).
( )
The zoning coefficient (ν) manifests the difference in the concentration (C i ) or productivity (M i ) of the associated trace elements to those of the main ore element (C 1 or M 1 ) at different distances from the center or periphery of ore body. It was calculated by using the following Equation:
where v = zoning coefficient, M i = productivity for the associated elements, M 1 = productivity for the main element. In the present study, zoning coefficient values were obtained along lateral profiles, by calculating the ratio values between concentration of most inert ore element (lead) and each of associated elements.
Ore Mineralogy
The recorded primary ore minerals forming the assemblage of El-Daghbag-I gold mineralization is magnetite, ilmenite, native gold, pyrite, chalcopyrite, sphalerite and galena. Bornite, covellite and goethite are the secondary ore miner- This suggests the deposition of magnetite and ilmenite during magmatic segregation of the granodiorite.
Based on the mutual textural relationships and crystal morphology of the ore minerals the suggested paragenetic sequence of ore minerals forming El-Daghbag-I gold mineralization is shown in Figure 11 . 
Geochemical Distribution of Gold and Associated Elements

Lithogeochemical Dispersion Patterns of the Elements in the Host Rocks
1) The calculated statistical parameters for the recorded ore metals in the granodiorite hosting El-Daghbag-I gold mine given in (Table 2) show slight abnormal average contents of Pb, Co, Cu, Cr and Ni compared to their averages in the high Ca-granites given by [32] and vice versa for Ag, As and Zn which could be considered characteristic feature for such granodiorite. Meanwhile, Ag, Cr, Ni and As contents show narrow range that reflected on the low values of S.D. and vice versa for Zn, Pb, Cu and Co.
2) The calculated concentration clark (CC) values for the ore elements in the host rock (Table 3) , using the reference content values of elements given by [32] ,
show positive anomalous contents of only Co and Cu and vice versa for the other elements. However, Cr and Ni show slight abnormal content (3 times of high Ca-granites of [32] ) to be considered geochemical characteristic for the host rock.
3) The computed correlation coefficient values of these elements for the host rocks given in Table 4 show presence of several correlation with each other as These correlations can be expressed by the following formula:
Lithogeochemical Concentration Patterns of the Mineralization
The gold content in 6 samples each 3 ones represent quartz vein and alteration zone (Table 1) varies from a profile to another pointing to zonal distribution along the extension of the NW-SE trending mineralization. 1) The calculated statistical parameters for the ore elements in the quartz vein and alteration zone samples given in Table 2 indicate higher Ag and Cr average contents of the quartz vein than those of the alteration zones and vice versa for As, Pb, Cu, Ni and Zn.
2) Consequently, the high average content values of these ore elements in the quartz vein and the alteration zones enhance that they are the elements associating this mineralization.
3) The calculated concentration Clark (CC) values of Au, Ag and Cr in the gold-bearing quartz veins are higher than those in the alteration zones and vice versa for As, Co, Cu, Ni, Pb and Zn (Table 3 ). The concentration Clark values Figure 11 . Paragenetic sequence of ore minerals associating El-Daghbag-I gold mineralization. The (r) values for the elements in the alteration zone samples shown in (Table   6 ) point to presence of three groups of elements in each of which the elements No. of samples = 6, r = 0.7 at P = 0.05, r = 0.83 at P = 0.01, r = 0.93 at P = 0.001. No. of samples = 12, r = 0.55 at P = 0.05. r = 0.68 at P = 0.01, r = 0.8 at P = 0.001.
The pairs (As-Ag), (As-Pb), (Ag-Pb), (Zn-Pb), (Zn-As) and (Ni-Cr) are very strongly correlated (r ≥ 0.8). The pair (Ag-Zn) is strongly correlated (0.8 > r ≥ 0.68) while (Zn-Cu) is fairly correlated (0.68 > r ≥ 0.55).
From studying both distribution patterns of El-Daghbag-I gold mineralization, it is clear that the ore elements Ag, As, Co, Cu, Cr, Ni, Pb and Zn form the geochemical association of the mineralization. The recorded significant correlation coefficient values between these ore elements favor existence of these elements either in proper ore minerals recorded by microscopic studies and/or incorporated within the crystal lattice of these sulfide minerals.
Lateral Zoning
The linear productivity, contrast coefficient, geochemical zonality index and zoning coefficient values were calculated and used to investigate the lateral zoning of ore elements in the area of El-Daghbag-I gold mine. Tables 7-10 show these values throughout the (NW-SE) and (NE-SW) profiles.
The arrangement of linear productivity, contrast coefficient and zonality index values in decreasing order from NW to SE (parallel to the quartz vein extension) gives the following sequences: From NW to SE Ag-Co-Ni-Cr-Cu-As-Zn-Pb
From SW to NE Ag-Co-Cr-Ni-Cu-As-Pb-Zn
Discussion
The gold mineralization at El-Daghbag-I gold mine is represented by several NW-trending quartz veins cutting across highly sheared granodioritic rocks along NW-trending shear zone. The recorded primary ore minerals forming the assemblage of El-Daghbag-I gold mineralization is magnetite, ilmenite, native 2) Fine-grained pyrite and chalcopyrite were deposited from Cu-Fe bearing solutions during the early reducing hydrothermal stage at temperature ≈ 300°C.
Gold was deposited early during this stage as native gold and incorporated in the fine-grained sulphide minerals.
3) During the lower temperature conditions, gross addition of sulfur led to formation of new sulphide generation chiefly sphalerite and galena. 
Conclusions
The gold mineralization at El-Daghbag-I gold mine is represented by several NW-trending quartz veins cutting across highly sheared granodioritic rocks along NW-trending shear zone.
• The recorded ore mineral assemblage is native gold, magnetite, ilmenite, pyrite, chalcopyrite, sphalerite, galena, bornite, covellite and geoethite.
• The gold associated elements are (Cu, As, Zn, Ni, Co, Ag and Pb). These elements occur as sulfide-minerals.
• The most promising parts for gold exploitation along this vein are the central and southeastern parts.
• Drilling is recommended for studying the vertical zoning of these elements to reveal the site of gold accumulation.
